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This paper describes and illustrates a method for benefits transfer referred to as preference
calibration or structural benefits transfer. This approach requires selection of a preference
model, capable of describing individual choices over a set of market and associated non-
market goods to maximize utility when facing budget constraints. Once the structure is
selected, the next step involves defining the analytical expressions for the tradeoffs being
represented by the set of available benefit measures. These algebraic relationships are used
with the benefit estimates from the literature to calibrate the parameters of the model. The
calibratedmodel then offers the basis for defining the “new” tradeoffs required for the policy
analysis, i.e., for ‘transferring benefits’. A new application is used to illustrate the structural
benefits transfer logic. It involves the benefits for mortality risk reductions, measured with
labormarket compensation aworker would accept to bewilling towork with added risk. The
measure is usually labeled the value of a statistical life (VSL). Our application indicates that
we should not have expected differences in these measures for the economic value of risk
reductions with age. The calibrated estimates were not greatly different for combinations of
risk levels, labor supply choices, wages, and non-wage income for older adults. Thus, simple
adjustments relying on value per discounted life year remaining seem questionable.

© 2006 Published by Elsevier B.V.
Keywords:
Structural benefits transfer
Benefits transfer
Benefit cost analysis
Value of statistical life
1. Introduction

It has been twenty-five years since the Presidential mandate
to perform benefit-cost analyses for major regulations was
first issued as Executive Order 12291 in February 1981. This
order offered economists a place at the policy table— allowing
them to add to the information available for judging themerits
of “major” new rules and revisions to those already on the
books. Benefit-cost methods are intended to summarize the
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tradeoffs people would make in giving up money, time, or
other goods to get more of something else. In most situations
where benefit-cost analyses are applied for environmental
policy evaluations, the “something” that the policy provides is
not available in private markets. As a result, analysts do not
have a ready source for measuring the tradeoffs people make
(at the margin) to obtain more of the goods or services
involved. With most private goods, these marginal trade-
offs can be measured using the commodity prices that are
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determined inmarkets. In other situations, analysts must rely
on revealed or stated preference methods to estimate the
incremental benefits.

Generally, time constraints do not permit the new research
required to estimate the benefits for each new or altered rule.
Instead, benefitmeasures are developed frompublished research
that has benefit measures for related situations. Policy analysts
hope there is a close correspondence between one ormore of the
studies in the literature and policy needs. Unfortunately inmany
situations the correspondence is not direct.

The practices developed to adapt existing results or models
measuring economic tradeoffs are usually labeled as benefit
transfers. Four approaches have been used: unit value transfers,
function transfers, meta model transfers, and structural model
transfers. Thispaperdescribesand illustrates this last approach.

We proposed this method a few years ago and labeled it
preference calibration (see Smith et al., 2002). The term structural
transfer is probably a more descriptive general term. The struc-
tural approach requires selection of a preference specification,
capableofdescribingan individual's choicesovera setofmarket
and associated non-market goods. These decisions are as-
sumed to result from utility maximization subject to budget
constraints. Once the structure is selected, the next step in-
volves defining the analytical expressions for the tradeoffs
being represented by the set of available benefit measures.
These algebraic relationships are then used with the benefit
estimates from the literature to calibrate the parameters of the
model. The calibrated model offers the basis for defining the
“new” tradeoffs required for the policy analysis, i.e., for devel-
oping “transferable” benefit measures.

This paper selects a new application to illustrate the struc-
tural benefits transfer logic and to show how it can be extended
to differentiate between individuals with different observable
characteristics (i.e., age andbaseline risks). Our example involves
the benefits for mortality risk reductions. These benefits are
oftenmeasuredwithaconcept knownas thevalueof a statistical
life (VSL). Section 2 provides a brief overview of the current
practices used in benefits transfer. Section 3 outlines the logic of
the structural method and adapts it to an expected utility
framework. As part of this outlinewediscuss the potential to use
labor supply estimates to inform risk valuation. Calibration of
preference parameters is demonstrated using results from a
hedonic wage-risk and a contingent valuation study. Section 4
considers the difficulties posed by allowing for different baseline
risks across individuals who might also experience job related
risks. Tomotivate this discussion we suggest onemight assume
baseline risk was a function of an individual's age. This section
discusses how alternativemodels for including the effects of age
can be integrated into the calibration logic. Section 5 discusses
the philosophy underlying calibration and the interpretation of
the models used for preference calibration as first steps in
developing structuralmodels. The last section comments on the
advantages and disadvantages of the logic underlying the
structural approach to benefits transfer.
2. Background

Environmental policy is generally motivated by specific goals
(e.g. to protecthumanhealthor toprovide swimmablewaters in
all rivers and lakes, etc.). Thus, it is natural to expect that the
design and justification for public actions will havemeasurable
outcomes associated with each of these goals. Most benefit
analyses for policy use this goal orientation. As a result, they
describe the effects of a policy by specifying an itemized list of
changes in well-defined outcomes such as avoided cases of
specific illnesses (for health effects due to reduced air pollution)
or increased trips to a lake with improved water quality.
Bromley (2005) refers to the process of defining these tangible
effects as the “commoditization” of the services provided by
environmental resources. Each unit is then valued using esti-
mates derived from existing literature. These economic values
aregenerallydevelopedasunitbenefitmeasures that areakin to
“prices.” These “prices” are recognized as approximations for
more consistent benefitmeasures such as themarginal willing-
ness to pay. The implicit “consumer spending” associated with
the transferred benefit measure for improved services (i.e. the
increased quantity of services times the relevant unit benefit
measure) logic has emerged as a practical compromise to offer a
transparent description of the computations.

As we noted in the Introduction, the most popular transfer
methods fall into three groups. Each yields one or more unit
value measures for the pre-defined effects that change due to
the policy under evaluation. The first is a unit value transfer. It
assumes the benefitmeasure is a constant. A value for the unit
benefit can be derived from one study's estimate, as amean of
multiple estimates, or it can be administratively specified (see
Rosenberger and Loomis, 2003 for more details).

The second approach labeled a function transfer usually
relies on a function that has beenestimated in the literature and
is intended to describe behavioral choices. It could be a demand
function for trips to a recreation site or an expression for the
willingness to pay based on a stated preference study. In the
former case, the demand function would be used to estimate a
consumer surplus measure for a change that is intended to
mimic the policy being evaluated. In the latter case (stated
preference studies), the adaptation generally depends on the
specification of the function reported in the original research
(i.e. a randomutilitymodelor avariation function, seeCameron,
1988; McConnell, 1990 for discussion) and the available mea-
sures characterizing the pre-existing application area and the
location that the proposed policy is intended to change.

The third approach based on meta functions uses statistical
summaries of willingness to pay estimates or of these measures
normalizedby the amount of the change in the resource. Typical-
ly, meta-regression methods are used to relate the available
benefit estimates to variables describing attributes of the re-
sources (or environmental effects) studied, population character-
istics from the past studies, andmethodological attributes of the
sources studies. These functions allow the dependent variable in
each model, which is usually a measure of unit benefits, to be
“adjusted” for what might be argued to be best practice methods
as well as the circumstances of the policy applications (see
Johnston et al., 2003).

There is an important contrast between the third ap-
proach and the use of a function transfer. For the most part,
function transfers rely on models that are based on economic
behavior. In contrast, meta models are statistical response
surfaces — summaries of the empirical literature derived by
treating the estimates as data — that do not necessarily
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correspond to a simple, unified conceptual model of eco-
nomic behavior.2 As a result, in several cases these meta-
summaries combine, in an ad-hoc manner, estimates that
are derived based on different benefit concepts, such as
Marshallian and Hicksian measures for consumer surplus
(see Smith and Pattanayak, 2002 for issues related to pooling
these two types of data).

The fourth approach— structural benefits transfer— is, of
course, not free of limitations. It requires the selection of a
specific preference function so each benefit concept can be
linked to the variables and parameters in that function. In this
respect it parallels what would be done in the analysis of the
primary data for a benefit analysis. We believe its greatest
advantage is that it forces analysts to focus on both the benefit
concept and the other determinants of the benefitmeasures to
assure that they are consistently represented across studies.
For example, the benefit measures, income, relative prices,
etc. must all be in the same dollar units. To the extent
assumptions about demographic characteristics influence the
benefit measure, then some assumption about how to treat a
study's summary statistics and the “typical” values for the
demographic variables must be made.3 Sometimes studies
must be supplemented with information about the features of
the area for each study that may not be reported in published
accounts. Such data must be collected separately and aug-
ment the records extracted from the primary studies.

This process raises an implicit question. The logic of a
structural transfer requires the analyst to judge whether the
evidence in the literature is sufficient to identify all the param-
eters required by the preference function selected for a benefit
transfer. At a conceptual level, this process draws attention to
what would be required from a more complete model. It can
induce policy analysts to question whether the available
studies provide sufficient information for a transfer. It can
also encourage the search for other non-valuation study
sources of information.

The first three strategies dominate the literature. To our
knowledge, aside from our published and unpublished papers,
there is only one other application conducted as part of EPA's
assessment of the benefits from visibility improvements asso-
ciated with the clean air act (see U.S. Environmental Protection
Agency, 1999).
3. Preference calibration with VSL measures

Conventional practice estimates the economic value of
reductions in mortality risk based on the compensation
workers are willing to accept to assume increased risks of
death on the job. These estimates, labeled the VSL, are usually
2 Of course, it is possible in principle to convert all the available
estimates fromdifferentstudies intoaconsistentmeasure forbenefits.
This strategywasadoptedbySmithandKaoru (1990) aswell as several
other authors. However, it has not been the uniform standard.
3 This logic is similar to a discussion in the early literature on

modeling demand about how to interpret the “representative
individual” when aggregate data were used to estimate demand
models. See Deaton and Muelbauer (1980) pp. 149–158 for discus-
sion of these issues.
interpreted as the sum of the incremental values a set of
workers would pay to reduce a common risk they face (e.g.
accidental death from job hazards) so that the expected
deaths declined by one individual.4 They are an example of
the effects/unit value logic we discussed earlier. The effect in
this case is the reduction in mortality risk, measured as an
expected number of deaths avoided by a group of people who
experience reduced ambient air pollution. The unit value is
the ex ante marginal rate of substitution, that is converted to a
VSL because risk is expressed as a reduction in the expected
number of deaths due to reduced exposures to the pollutant.
The VSL is treated as a constant. In practice, a diverse set of
behaviors has been used to attempt to estimate this ex ante
MRS. The policy analyses using them have relied on informal
reviews (Unsworth et al., 1992; Viscusi, 1993) or statistical
meta analyses (Kochi et al., 2005; Mrozek and Taylor, 2002) to
reconcile the results.

Models describing the wage/risk tradeoff focus on a de-
cision process that envisions each individual selecting among
an array of jobs. These alternatives would have different pre-
defined characteristics including the working conditions, the
risk of fatal accidents, and the compensation. With a contin-
uous array of alternatives, at varying risks, and each indivi-
dual's decision motivated by attempts to maximize expected
utility (as given in Eq. (1)), the resulting tradeoff between risk
and compensation can be described in Eq. (2). EU designates
the expected utility.

EU ¼ ð1−pÞUAðWÞ þ pUDðWÞ ð1Þ

where

p=probability of a fatal accident on the job
W=wage rate
UA(.),UD(.)= state dependent utility functions conditioned by

the outcome alive (A) and dead (D)

MRSWp ¼ dW
dp

¼ UA−UD

ð1−pÞUA
W þ pUD

W
ð2Þ

where

Uj
W ¼ BUj

BW

In this framework job choice is assumed to reduce to a
selection from alternative lotteries. At this general level there
are few clues to use in selecting a functional relationship for
UA(·) and UD(·).

Ordinarily in describing awork/leisure decision itwould seem
natural to look to specifications that arise inmodeling labor sup-
ply. However, we were unable to find many applications where
this connection was used to motivate VSL estimates. The only
explanationwe could locate is in an early discussion of themodel
by Viscusi (1979). He describes labor/leisure choices as part of a
general treatment of time allocation and concludes that relaxing
the assumption that individuals generally have a fixednumber of
hours worked in each job did not alter the implied tradeoff bet-
ween wages and risk. Since one of the primary uses of the wage
4 See Hammitt (2000) and Freeman (1993) for discussion.
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hedonic model has been compensation for undesirable features
of a job, further attention to these other issues has been limited.5

Nonetheless,models for labor supply decisions and job choice
are not incompatible alternatives. One could envision a choice
setting where workers select among jobs, then conditional
on that choice, evaluate the number of hours to be sup-
plied. This perspective has some advantages because it offers
another set of information (e.g. labor supply information)
for calibrating preferences. To evaluate its potential, we selected
a preference function relying on this basic logic. Following
the framework outlined in Burtless and Hausman (1978)
we specify a labor supply function and then derive the indirect
utility function that would be consistent with it.6

Eq. (3) uses a semi-log specification for the labor supply.
The corresponding indirect utility function is given in Eq. (4).

lnðHÞ ¼ aþ bW þ lm ð3Þ

UA ¼ −expð−lmÞ
l

þ expðaþ bWÞ
b

ð4Þ

where

m=non-wage income
W= wage rate
H=hours worked 7

Therefore, a key advantage of this specification forUA is that
it guarantees a simple, observable, labor supply function.

To complete ourdescriptionofexpectedutility and to link the
resultingmodel to the VSL concept, we need to define the utility
function that will be used for the state “death”. For this part of
the model, it is important to recognize that our description
adopts an ex ante perspective. Thus, a utility function for the
state “death” shouldbe interpreted as an evaluation of that state
by each individual at the time the job alternatives and results of
working (both compensation and survival) are “potential” out-
comes. From this orientation,UD(·) is intended to reflect bequest
motives. The functionwould typically not include thewage rate,
but could be related to available non-wage income. It need not
share thesame functional formorparameters aswhat is implied
by the state alive. Indeed, there are good reasons for assuming
the marginal utility of income is different in the two states (see
Cook andGraham, 1977 for a discussion of the properties of state
dependent preference functions).

While this is certainly an important area for further research
— we decided to keep this example simple. As a result, UD(·) is
5 In an appendix he does suggest thatmodels allowing amarginal
time allocation lead to greater attention to the other sources of risk
that each individual faces.
6 Burtless and Hausman (1978) actually used a double log spe-

cification. A number of alternatives are possible. Our intention
here is to illustrate the general logic so we selected a form that
simplifies the algebra. Calibration generally requires a numerical
solution of a set of nonlinear equations. Thus, more complex
specifications can certainly be considered as long as the param-
eters to be recovered can be identified.
7 The units used tomeasure hours correspond towhat is relevant

for the choicemodel. To link to VSL estimates, annual hours would
be relevant.
assumed to correspond to the first term in the right side of Eq.
(4) (dropping the contribution arising from labor/leisure
choices). In this case the expected utility function is simplified
directly as in Eq. (5). Eq. (6) provides the expression for the ex
ante MRS.

EU ¼ 1−pð Þ −exp −lmð Þ
l

þ exp aþ bWð Þ
b

� �
þ p

−exp −lmð Þ
l

� �
ð5Þ

−
EUp

EUW
¼ dW

dp
¼ 1

1−pð Þb ¼ W
1−pð Þg ð6Þ

where

η = labor supply elasticity

EUj ¼
BEU
Bj

; for j ¼ p;W

Eqs. (3) and (6) illustrate the types of connections between
individual choice and a structural model that are used in pre-
ference calibration.8 The first implies the parameters of labor
supply should be related to VSL estimates. Eq. (6) describes the
specific nature of the connection. One direct implication of this
relationship is a connection between estimates of the labor
supply elasticity together with an estimate of the wage and the
job risk (p) and an implied VSL. Smith et al. (2003) use a few
estimates from the literature to illustrate this logic. They find
that the range of VSL estimates implied by the labor supply
elasticities (togetherwithmean values for thewage rate and job
risks) is consistent with what has been found for direct esti-
mates using hedonic models (see Viscusi, 1993; Mrozek and
Taylor, 2002).

While this result isbroadlysupportiveof the calibration logic,
our purpose is actually to reverse the logic underlying Smith
et al. (2003). That is, we propose to use estimates of the VSL,
together with labor supply information and other estimates of
how people evaluate risk/money tradeoffs, to recover “esti-
mates” of the preference parameters. In our example, there are
three parameters (α, β, μ) and the analysis to this point has
considered two choices:

• job selection, which is implicit in the hedonic wage-risk
equilibrium (Eq. (6)), and

• hours worked, which is captured in the labor supply func-
tion (Eq. (3)). A third source is needed to have enough infor-
mation to calibrate this third parameter.

To address this issuewe use one of the contingent valuation
studiesof risk/money tradeoffs.We rely on theGegax et al., 1991
study because the risks are described as related to workplace
activities. They report willingness to pay (and willingness to
accept) estimates for non-marginal changes in risk. To use their
results for calibration we need to define this ex ante WTP using
our preference function. It is an option price — the non-wage
income an individual would be willing to give up to receive the
8 These are the types of models used in joint estimation, such as
the scheme Cameron (1992) initially proposed.
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lower risk described in their contingent valuation question.9 Eq.
(7) defines this relationship, with p0 the initial job risk and p1 the
proposed lower risk that an individual is hypothesized to value
at the option price, labeled here as WT̃P.

1−p0ð Þ exp aþ bWð Þ
b

−
exp −lmð Þ

l

� �
þ p0

−exp −lmð Þ
l

� �

¼ 1−p1ð Þ exp aþ bWð Þ
b

−
exp −l m−WT̃P

� �� �
l

2
4

3
5

þ p1
−exp −l m−WT̃P

� �� �
l

2
4

3
5 ð7Þ

Rearranging terms we can define the option price for an
incremental change in risk of death in Eq. (8).

WT̃P ¼ 1
l
ln 1þ l

b
exp aþ bW þ lmð Þ p0−p1ð Þ

� �
ð8Þ

Eqs. (3), (6), and (8) define the observed “choice relation-
ships.” Two features are important to their role in preference
calibration. First, each expression is linked to the same basic
function describing individual behavior. The logic does not use
a WT̃P estimate per unit of risk (i.e.WT̃P/ (p0−p1)). Instead, it
defines WT̃P for a specific expected utility function and a
specific risk change. It also assembles information necessary
to calibrate the unknown parameters implied by that function.
Second, and equally important, the logic recognizes that not
all the information required for calibration may be found in a
single study. Indeed, it may be necessary to supplement what
is reported in available studies with other summary data. A
first step in the process of using these relationships requires
the interpretation of each to be made compatible with the
other equations and with the available empirical information.
The components of each relationship need to be constructed
and measured so that they are individually consistent. The W
andm relevant to a labor supply response from one studymay
be different from what is used in the contingent valuation
study providing the WT̃P estimate.

To illustrate thepreference calibration logic directly,weselect
values for the “observables,” variables in the three equations,
substitute them into Eqs. (3), (6), and (8) and then solve for the
unknown parameters. For example, using data from two related
studies (Gegax et al., 1991; Gerking et al., 1988), and the ratios of
non-wage towage incomefromtheNational IncomeandProduct
Accounts, we can illustrate the calibration process for α, β, and μ.
9 The Gegax et al. questions were developed in the context of job
risks, but asked about annual gross income (without considering
a labor supply adjustment). As a result, we interpret them as an
option price and define it in terms ofm.W in our model is a rate of
pay. Their specific question is given as follows. After presenting a
risk ladder and asking each respondent to select a “rung” on the
ladder that comes closest to describing the risk of accidental
death in their job, the WTA question asks for those below the
highest risk: “consider a situation in which you were asked to face
more risk on your job. What is the smallest increase in annual gross
(i.e. before deductions and taxes) income from your job that you
would have to be paid in order to accept an increase in the risk of
accidental death by one step (i.e. one more death per year for
every 4,000 workers)?” They are asked to circle one of thirty-seven
different values ranging from $0 to $6,000 with an open ended
“more than $6,000.”
The data used for this calibration include: (a) H=43.94 hours, (b)
W=$10.16, (c) m=$1468, (d) VSL=$1,580,544, (e) p=0.00086, (f)
WTP=$655, (g), p0=0.00066, and (h) p1=0.00041. All but m are
taken from Gegax et al. (1991) and Gerking et al. (1988), or
supplemented from the original survey, and are in 1983 dollars.10

The three choice based relationships to be solved are given in
Eqs. (9a)–(9c).

ln 43:94ð Þ ¼ aþ 10:16bþ 1468l ðlabor supplyÞ ð9aÞ

1;580; 544 ¼ 43:94d47:64ð Þ= 1−0:00086ð Þb ðVSLÞ ð9bÞ

exp 665lð Þ ¼ 1þ l=bð Þ⁎43:94 ð9cÞ

⁎ 0:00066−0:00041ð Þ ðoption priceÞ

The resulting calibrated parameters are: α=180.91,
β=0.00133, μ=−0.12067. For comparison with Burtless and
Hausman we must convert β and μ into elasticities at the
points used for calibration η=β ·W=0.0135 and the non-wage
income elasticity of labor supply, ϕ, where ϕ=μ ·m=−177.14.
Both are substantially larger in absolute magnitude than their
findings (ηBH=0.00003 and ϕBH=−0.0477). However, these
results rely on the subjective risk assessments and the VSL
estimates implied by these assessments.

If instead we matched by industrial sector the average
value for the risk of fatal accidents from the Bureau of Labor
Statistics (BLS) data (the sample mean is p=0.0834) and the
corresponding VSL estimates for the same sub-sample (i.e.
VSL=11,837,610 in 1983 dollars) and recalibrate, the para-
meters would be α=29.56, β=0.000193, μ=−0.01756. The
resulting elasticities η⁎=0.00196 and ϕ⁎=−25.78 are substan-
tially smaller, and in the case of the η, this new result is closer
to labor supply elasticities reported in Smith et al. (2003).

Some other details in the steps and assumptions made to
derive relationships that could calibrate the preference rela-
tionship are worth acknowledging. Two adaptations to the
structural equations were required because of the available
data. Eq. (9b) includes the hours worked in a year in the
numerator used to define the VSL. Our structural equation for
the VSL (Eq. (6)) was expressed in terms of the ex ante MRS on
an hourly basis. By contrast, the available VSL estimates are
expressed in terms of annual compensation, assuming the
individual considers risks and compensation per year. To es-
tablish consistency, we scaled the hourly rate on the left side
of Eq. (9b) by the estimated hours worked used in (9a) and an
assumption of fifty weeks worked per year. This reconciles the
labor supply measure with the VSL estimate on the left side of
the equation. Eq. (9c) rearranges Eq. (8) to simplify the non-
linearity-scaling the Gegax et al. option price estimate for a
risk change by μ— and replaces the labor supply equation (exp
(α+βW+μ ·m)) with the level of the labor supplied in a week to
be consistent with the time horizon implied by (9a).
10 With the assistance of Shelby Gerking we were able to obtain
the original survey data and computed the mean values for hours
(43.94), weeks worked (47.64), and income for respondents who
received the willingness to pay version of the questionnaire. The
averagewage rateswere reported in Gegax et al. Non-wage income
was approximated bymultiplying the annual wage income for the
survey respondents answering the WTP question (20, 521) by the
sum of rental income and profit relative to total wage income in
1983 (based on the national income and product accounts, 7.15%)
.
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To extend the logic illustrated by this simple example, one
approach would be to start with a more complex indirect (or a
direct) utility function and derive the implied labor supply. Or,
we could change the form or add arguments to the labor
supply relationship given in Eq. (3) and apply the Burtless–
Hausman logic to derive a different quasi-indirect utility func-
tion. These extensions complicate the algebra but do not, in
principle, preclude numerical calibration. In considering these
alternatives it is important to acknowledge that each addition
of a new variable as a potential observable source for pre-
ference heterogeneity adds parameters. As a result these
extensions would expand the demands on the available em-
pirical literature for choice related information.

An alternative approach for extending the logic, which we
illustrate below, is more parsimonious in the number of pa-
rameters to be calibrated simultaneously. It proposes to
calibrate separate indirect utility functions for different demo-
graphic groups by using choice information for each group. Not
only does it reduce the set of information to be consistently
structured, but it also recognizes that wemay not know enough
to describe how specific demographic variables influence in-
dividual preferences. This approach treats the separatemodels,
calibrated based on each group's situation, as local approxima-
tions that are better suited to each group's choices.

The results reported in Table 1 illustrate this alternative
approach with a calibration that derives a different model for
different age groups.We combine estimates of the VSL derived
for each of three age groups— 51–55, 56–60, and 61–65— based
on the Health and Retirement Study (HRS), reported in Smith
et al. (2004) in 1991 dollars, along with the Gerking et al. WTP
estimates adjusted to 1991 dollars. In this casewe assume that
the VSL, baseline probability, non-wage income, wage rate,
and hours worked reported from the HRS are relevant for both
the labor supply and VSL equations (i.e. Eqs. (3) and (6)). This
assumption is especially important form because it is possible
to derive a household level estimate from the survey and use it
in calibration. For the option price equation we assume the
hours worked correspond to the average reported by Gerking
et al. (i.e. H=43.94) and assume the WT̃P would apply to each
Table 1 – Combining contingent valuation and age specific
VSL estimates

Ages

51–55 56–60 61–65

VSL $6,051,270 $6,421,845 $10,038,357
p 6.54.10−5 5.81×10−5 5.85×10−5

m $2200 $2563 $2830
W $10.27 $10.09 $10.24
H (hours) 37.96 37.31 35.72
Weeks/year 50 50 50
WTP $909 $909 $909
p0 6.60×10−4 6.60×10−4 6.60×10−4

p1 4.10×10−4 4.10×10−4 4.10×10−4

Calibrated parameters
α 76.35 83.44 59.96
β 0.3137×10−3 0.2905×10−3 0.1779×10−3

μ −0.3305×10−1 −0.3115×10−1 −0.1992×10−1

η 0.00322 0.00293 0.00182
ϕ −72.72 −79.83 −56.39
of these age groups. Now the corresponding parameter esti-
mates imply more plausible labor supply elasticities and still
quite large (in absolute magnitude) non-wage income elastic-
ities. For this group, however, a large negative response may
well be more plausible than for the age group considered in
Burtless and Hausman.

One gauge of the effect of using a benefit function derived
from a structural transfer versus a constant unit value would
be if the new analysis alters the evaluation of important
policies. Such outcomes do not imply the structural approach
is the “right” one. Rather, they indicate themethod for transfer
matters. We don't undertake this type of comparison here for
two reasons. First, and most important, one can control the
outcome through the examples selected. Pre-existing studies
of policy choices that imply “close calls” in terms of net
benefits will yield this outcome and situations where the
outcome is more decisive will not. The net result is that we are
left with an examination of the factors that led the original
examples to be close or not in relation to information a struc-
tural transfer brings to the analysis. We can address this issue
without the examples, as we illustrate in the next section of
the paper.

Second, a structural transfermay change theway the analysis
is undertaken. In the case of risk — the analysis no longer relies
exclusively on a point estimate for the VSL along with estimates
of cases of avoided deaths due to reduced emissions (see U.S.
Environmental Protection Agency, 1999 Table 5–3). Instead it
would be based on the risk changes (i.e. the (p0−p1) in Eq. (8))
experienced by different socio-economic groups and the ex ante
willingness to paymeasures for them as a result. The design and
structure of the information assembled in the policy analysis
changes.Comparisons require considerationofmore thansimply
the “bottom line”, but should also consider the information
provided by having these different details in the estimation
process developed (e.g. risk changes by income and demographic
group). These types of comparisons are certainly desirable but
they are beyond the scope of our objectives here. Overall, then,
these computations demonstrate it is possible to use multiple
sources of data on labor supply, VSL estimates, and CVmeasures
of the option price individuals would pay to reduce risks of
premature death in a behaviorally consistent framework.
4. Baseline risk and age

In this section we consider the prospects for incorporating age
indirectly into the behavioral model used to derive the benefit
functions that are used to calibrate a preference function. This
task is accomplished by altering the assumed baseline risk of
death each person perceives when considering job related risks
as further threats to life. The relation between age and this
baseline risk then provides one way to introduce age into the
analytical structure. Two alternative specifications for the role
of baseline risks will be discussed and preference calibrations
illustrated in each case. The first involves treating baseline and
job related risks as separate lotteries that affect survival prob-
abilities. This approach envisions a perception process where
job risks scale the baseline survival probability. The second
assumes that an individual considers the wage compensation/
risk tradeoffs in terms of a reconstituted lottery with a different



Table 2 – Incorporating age specific baseline risks into
preference calibration: scaling versus translating

Ages

51–55 56–60 61–65

q 5.87×10−3 1.33×10−2 3.25×10−2

VSL $6,051,270 $6,421,845 $10,038,357
p 6.54×10−5 5.81×10−5 5.85×10−5

m $2200 $2563 $2830
W $10.27 $10.09 $10.24
H (hours) 37.96 37.31 35.72
Weeks/year 50 50 50
WTP $909 $909 $909
p0 6.6×10−4 6.6×10−4 6.6×10−4

p1 4.1×10−4 4.1×10−4 4.1×10−4

Scaling (A)
α 76.78 84.52 61.86
β 0.3137×10−3 0.2905×10−3 0.1779×10−3

μ −0.3325×10−1 −0.3156×10−1 −0.2059×10−1

η 0.00322 0.00293 0.00182

Translating (B)
α 76.78 84.52 61.86
β 0.3155×10−3 0.2944×10−3 0.1839×10−3

μ −0.3325×10−1 −0.3156×10−1 −0.2059×10−1

η 0.00324 0.00297 0.00188

11 Several studies on both CV (Alberini et al., 2002; Krupnick et al.
2002) and hedonic wage (Smith et al., 2004) have found that VSL
estimates do not consistently decline with age as conjectured in
policy decisions.
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survival probability reflecting both sources of risk. This formu-
lation assumes job risks translate the baseline risks (Evans and
Smith, (in press) for further discussion). Basically, the options
are to either add (translating) or multiply (scaling) the two
risks — baseline risk and job related risks.

The scaling format arises with Eeckhoudt and Hammitt's
(2001) reconsiderationof issuesoriginallydiscussedbySussman
(1984). When each process is treated as a separate lottery, the
overall outcome might be described as one where each person
perceives he only experiences the job risk, p, if he survives the
trip to work. Thus, eachworker envisions a decision framework
where he considers job risk as something relevant but feels he
must first “live long enough” to enter the workplace. This char-
acterization is simply a heuristic interpretation that helps to
provide intuition for the model's definition for the survival
probability. There is no time dimension in such a model. The
model describes how an individual would think about choices
that involve a risk of death and are also influenced by another
process that also affects survival. In the second lottery q is the
baseline probability of death. Expected utility for this problem
is given inEq. (10)with (1−q)(1−p) theprobability of survival and
(1− (1−q)(1−p)) the probability of death given the two risks.

EU ¼ 1−qð Þ 1−pð Þ −exp −lmð Þ
l

þ exp aþ bWð Þ
b

� �

þ 1− 1−qð Þ 1−pð Þð Þ −exp −lmð Þ
l

� �
ð10Þ

In this case, the total differential used to define the ex ante
MRS (or VSL) is not affected by the level of baseline risk. It
contributes to both EUp and EUW in the same way and thus
cancels from the expression for the tradeoff. As a result we
have Eq. (6) for the VSL. The total differential is given in Eq.
(11).

dEU ¼ 1−qð Þ −exp aþ bWð Þ
b

þ exp −lmð Þ
l

−
exp −lmð Þ

l

� �
dp

þ 1−pð Þ 1−qð Þ b
exp aþ bWð Þ

b

� �
dW ¼ 0

As Evans and Smith (in press) demonstrate, this does not
mean we can assume dW

dp will be independent of factors that
influence q. This result follows because compensated changes
in dW

dp with q must assume that W is a function of p and q.
Baseline risks also influence the option price, WT̃P. This

relationship is given in Eq. (12)

WT̃P⁎ ¼ 1
l
ln 1þ l

b
exp aþ bWð Þ þ lm 1−qð Þ p0−p1ð Þ

� �
ð12Þ

Age can be introduced into the analysis by assuming that q is
a function of age. Thus the model composed of Eqs. (3), (6), and
(12) accounts for age through the specification of q (in the
expression for WT̃P) and allows calibration of all three prefer-
ence parameters. Panel A in Table 2 re-calibrates preferences
using the data in Table 1 with age specific background survival
probabilities taken from the Center for Disease Controls' (CDC)
national vital statistics. The resulting calibrated parameters are
comparable to those inTable 1, suggesting that therewould be a
relatively small effect on the VSL estimates if we believe age
affects how people perceive their survival prospects, and adopt
the scaling model with this preference specification.
Turning now to the second model where baseline risks are
perceived as leading to a “reformulated lottery” with added
sources of fatality risk raising the “total” odds of a fatality, the
analytical expression for theVSL ismodifiedbutnot theequation
for ex ante WTP. The revised ex ante MRS is given in Eq. (13).

dW
dp

¼ VSL ¼ 1
1−q−pð Þb ð13Þ

Using this equation together with (3), (9a), (9b) and (9c)to
calibrate preference parameters, we have the results given in
Panel B of Table 2. As in the case of scaling, the calibrated
parameter estimates derived using the translating formula-
tion are largely unchanged from the original calibrated values
in Table 1. This relative constancy suggests that we should not
be surprised by some recent empirical evidence that finds the
risk tradeoffs do not change as dramatically as has been con-
jectured in discussions of the magnitude of the “senior dis-
count”.11 Two quite different (but static) perspectives on the
effects of age (through baseline risk) on ex ante marginal rates
of substitution do not lead to greatly different calibration re-
sults over the range of estimates taken from the literature.
5. Calibration and estimation

There are at least four advantages to amore structural approach
to benefits transfer. First, it assures consistency of the benefit
estimates derived from benefit transfer with a well-defined
preference function. A key implication of this consistency is the
,



12 This is the logic used in Smith and Pattanayak (2002).
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assurance that willingness to pay can never exceed income.
Second, the calibrated model can be used to derive observable
“predictions,” not only for WTP, but for other behavioral and
economic measures as well. These predictions can in turn be
used to gauge indirectly the plausibility of the benefit function.
Our comparison with labor supply elasticities illustrates how
this might proceed. Third, there are often multiple benefit
measures available for the resource, risk, or policy outcome of
interest. They can arise from models describing different types
of choices. Our approach offers a basis for evaluating their
mutual consistency. By virtue of developing a singlemodel that
can explain each tradeoff, one is forced to reconcile the different
estimates. Finally, the choice of the preference specifications
and the assumed constraints explicitly define how the baseline
conditions relevant to an individual's choice such as income or
demographic features, must be taken into account.

This description of advantages is hardly surprising. It is
simply a re-statement of the logical process that must be
developed as part of the estimation of any structural model. In
this case we are simply altering the way revealed preference is
used to interpret the available data. Usually an analyst does
not know an individual's marginal willingness to pay for a
small change in a non-market good. Instead, the analyst must
derive the benefit measure from an estimated model that
captures how the observed behavior and the implied tradeoffs
are related to a structural model for choice. In most con-
ventional economic analyses, this structural model is some
form of constrained utility maximization.

One objection to the calibration strategy for benefits transfer
may arise from concerns about making such strong a priori
assumptions regarding underlying structuralmodel. However it
is important to acknowledge that such assumptions are not
necessarily unusual in policy analyses. Calibration has been
used in a number of different areas in economics. Initially its
use in parameterizing computable general equilibrium models
was controversial (see Dawkins et al., 2001). In stochastic
general equilibrium models (e.g., Kydland and Prescott, 1982),
the calibration approach has been called “theory with numb-
ers”. Dawkins et al. (2001) describe the primary rationale for
calibration in general terms, noting that:

The driving forces behind the use of calibration in
economics is the belief that any counterfactual analysis
is impossible without coherent theoretical framework and
that models which are consistent with economic theory
are the place to start (p.3656).

What is at issue in our proposed application of calibration is
closer to Hansen and Heckman's (1996) discussion. A simple
statistical summary of available results, expressed as some
type of benefit measure, fails to impose a unifying structure
that is essential to the ultimate use of that summary (e.g., WTP
measure). In our case, we seek to assure that the extrapolation
or transfer is consistent with the process assumed to generate
the estimates used in the statistical model. There is nothing in
the use of simple average unit values or in the predictions from
ameta-regression analyses that necessarily assures the results
will be consistent with underlying theory. Indeed there may
well be good reasons to expect they would not be. For example,
even meta-regression analyses that include all conceptually
relevant factors as explanatory variables, typically do so in an
ad-hoc manner. They generally use models that are linear in
parameters and include variables that describe the resources,
sample populations, and methods used in the primary studies
in a simple specification. While these models may provide
reasonable reduced form approximations of the value generat-
ing process, they do not impose the same level of theoretical
consistency as a structural model would.

Benefits transfer evaluates policies as counterfactuals. They
are only predictions after a decision ismade to adopt the policy.
Prior to that decision, they are analyses of hypothetical out-
comes that can never be “checked.” As a consequence, con-
sistency requirements are especially important. We will never
beable to evaluate the “predictions” thathelped to suggest some
policies are misguided. Even if a benefits' transfer framework
meets acceptable “accuracy” standards in “predicting” measur-
able gains fromapolicy once taken, these types of results donot
necessarilymean themethodwas asaccurate for thepolicy that
was not selected. One approach to assure the credibility of
assessments that cannot be “checked” ex post is to select a
method such as structural transfer that uses the properties of
models for individuals' choices to integrate benefit measures
from existing studies consistently.

Other objections to the calibration strategy stem fromargu-
ments that it does not necessarilymake adequate use of all the
available benefit information. The process we have described
as structural benefit transfer treats benefit measures from the
literature as the “data,” defines the benefit function implied by
the structural model, and then recovers the underlying
preference function. For the purpose of illustration, in the
examples described above, we specified a preference structure
with relatively few parameters. This simplified structure
allowed us to calibrate values for the preference parameters
using relatively few benefit estimates. However, as these
examples also show, the calibrated values can be quite
sensitive to the benefit measures and baseline conditions
used. Some of the variation in parameter values may be
attributable to observable differences in the populations or
baseline conditions studied (e.g. age differences).

If there is sufficient information from existing studies, an
alternative strategy to calibration is statistical estimation of
parameters. One such strategy might be labeled a structural
meta analysis.12 Our description of the general logic also
implies other alternative approaches. For example, data for
two types of functions derived from a structural model of
choice — one for behavior and a second for a different benefit
measure (e.g. a marginal willingness to pay or incremental
option price) associated with changes in non-market goods
(e.g., risk)— could be used together to estimate the preference
parameters of a model. We usually associate this situation
with joint RP/SP strategies where two types of data are
collected from the same individuals, but this need not be the
case for the logic to be relevant. We could envision two
separate sets of individuals — a sample describing a set of
individuals' behavior and another sample, perhaps of the
results of benefit studies summarizing estimates of the
incremental value people place on risk reductions. If we are
prepared to assume both represent different “windows” on a
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common structural model of choice, it is possible to employ a
composite estimation strategy. The primary limitations to
implementing this suggestion appear to be consistent and
complete data sets and a reluctance to impose the rather
strong prior assumptions that are required for a composite
structural model.
6. Implications

Economic benefits for changes in non-market goods are des-
criptions of themonetary tradeoffs implied by individual choice.
They are not measures that people themselves use in making
their decisions. Theonly concrete evidence on the importance of
a non-market good or service to someone arises from that
individual's choices. Thus, all benefit measures embody some
maintained assumptions that organize choices so that they are
consistent with an economic model of behavior. Preference
calibration accepts this logic and specifies an algebraic relation-
ship for preferences to helporganize available benefitmeasures.
As a result, it is explicit in the documentation of maintained
assumptions. Other strategies for benefit transfer also require
assumptions if their results are to be regarded as consistent
measures of the benefits in new situations. In these cases,
however, these requirements are often implicit. A constant unit
value is taken from a past study and applied to a new policy
situation. If the transfer does not explicitly highlight compar-
isons of the incomes of the twoaffectedpopulations, differences
in the resources involved, and other factors thatmight influence
benefits for changes in the resource associated with the new
situation, the “consumer” of the policy analysis has no direct
way of determining that the transfer implicitly assumes these
distinctions don't matter. By making them explicit — each
transfer requires that these “details” must be assembled and
used in constructing a benefit measures for transfer. Our
example of different perspectives on the effects of age for VSL
illustrates that in somecases someof thedetailsmaynotmatter.
In others they will. If the conclusions derived from this process
are very sensitive to the specification of preference functions,
then transfers may need to be limited to situations where
analysts can be reasonably confident that the properties implied
by an assumed preference function are defensible for the policy
application.

Our application of preference calibration to the valuation of
risk reductions suggests a second implication. Policy concerns
about the mismatch between the people whose choices yield
estimates of the incremental value for risk reductions and the
people experiencing the changes may not be warranted.
Rather than questioning the evidence from both contingent
valuation (Krupnick et al., 2002; Alberini et al., 2002) and
hedonic estimates (Smith et al., 2004) suggesting that incre-
mental values do not decline with age, our calibration results
indicate that we should not have expected differences for this
combination of risk level, labor supply, wages, and non-wage
income. Thus, simple adjustments for age relying on value per
discounted life year remaining seem questionable. The
consistency requirements of preference calibration formodels
where age is treated as reducing the baseline survival
probability confirm the CV and hedonic results. That is, large
differences in the incremental values were judged as unlikely.
Thus, perhaps we should “turn the tables” and question the
ad-hoc adjustment of VSL per discounted life year as a credible
basis for benefits transfers.

As we suggested in the previous section, the next step in
benefit transfer research is estimation. In this context we
would argue that benefit transfer should become a revised
process for policy analysis. One might envision benefit mea-
sures being archived in a database containing the features of
the resource changes that were studied and a summary of the
people composing each sample. Transfer would then require
evaluating the ability of the existing information to address a
new policy application. Answers suggesting that the record
was incomplete would not necessarily imply a completely
new, large scale, data collection effort. Rather, the joint esti-
mation strategy suggested earlier would seem to imply that
smaller scale, “tailored” data collection efforts might be pos-
sible. That is, the existing research results could be treated as
providing some information about a portion of the preference
space.Anewpolicy analysismight require information about a
different portion of that preference space. Designing a strategy
that explores the newdimensions, and partially overlapswhat
we know, allows linking the existing results with the new
information. Estimators that incorporate the restrictions
implied by a structural model of choice permit systematic
“learning” from the research record. That is, the model to-
gether with the multiple samples of information derived from
people's choices offer the opportunity to exploit both the
existing recordof findings frompast researchand thenewdata
collected in ways that were designed to be responsive to policy
needs.

This revised process is not a “pie-in-the-sky” proposal. The
estimation methods exist and are being used in other sub-
fields of economics (see Imbens and Lancaster, 1994). What is
not known is whether this over-arching view of learning is a
reasonable one. It relies on the plausibility of the conventional
constrained utility maximization model with a careful speci-
fication of the objects of choice. These details must be
structured by analysts for environmental resources and risks
that people may not understand in the exact ways economic
models represent them. Asmany authors have acknowledged,
all modelsmustmake assumptions about how to translate the
attributes of a choice situation into a formal description that
allows the implied tradeoffs to be characterized. Inevitably this
introduces a set of maintained assumptions. In the case of
structural benefit transfers we don't know if the prior
information creating the structural links between existing
results and new, tailored data sets is reliable enough to
enhance the transfer process.

Of course, a multiple sample approach, potentially relying
on a generalized method of moments or an alternative,
classical estimation methodology, is not the only potential
strategy for developing statistical models using past benefit
measures and new sources of data. Both Moeltner et al. (2005)
and Bergland (2005) have proposed hierarchical Bayesian
methods, calling for the use of multiple priors. In Bergland's
case, one prior is used for parameters influencing the
distribution of the benefit measure in a given context and a
secondprior captures thedistributionof theseparameters over
different contexts. Moeltner et al. consider a specific situation
where there is incomplete information about some of the
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proposed determinants of a meta function summarizing
available benefit measures. While these authors focus on the
methods used in the primary benefit studies, the general point
could apply to a wide range of possibilities related to meta-
regressions for transfer because the available literature rarely
spans the full range of study and resource attributes hypoth-
esized to influence benefit measures. As a result, analysts can
often “code” studies in a variety of ways, sometimes high-
lighting the features of the resources considered and other
times the methods used, but not both.

The Bayesian approach relies on the ability to specify for-
mal priors regarding the influence of methods factors and
resource characteristics (Moeltner et al. example) or other
contextual determinants (Bergland's example) on benefits es-
timation. One advantage of the Bayesian approach is that it
also provides a more systematic way to aggregate the heter-
ogeneous preferences that underlie summary benefit mea-
sures that are then transferred for a policy application. In
contrast, structural benefit transfer methods (as we have ex-
plained in this paper) treat these issues in a simpler, less for-
mal way — by calibrating separate preference functions (and
their associated benefit functions) for different sets of indivi-
duals, identified for example by their observable character-
istics such as age.

At present, research on both strategies for benefit transfer is
just beginning so a recommendation for one of the alternative
strategies cannot be offered. We do know, given the increased
scale of benefit-cost analyses for policy-making, that research
evaluating these alternative strategies would seem to be
overdue.
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